1.. Introduction {#S1}
================

Breast cancer is a heterogeneous disease consisting of different subtypes with varying prognosis \[[@ref001]\]. It is however not only the breast cancer subtype that determines the prognostic outcome, but also the tumor microenvironment cell composition \[[@ref002]\]. The cells of the immune system are an important part of the tumor microenvironment, where presence of tumor infiltrating lymphocytes (TILs) usually is associated with a better prognosis, while infiltration of myeloid cells is associated with a worse prognosis \[[@ref003]\]. T lymphocytes is an important TIL population \[[@ref003]\]. In breast cancer, infiltration of T cells has been linked to different outcomes in different breast cancer subtypes. In HER2$^{+}$ and triple negative breast cancers (TNBCs; ER$^{-}$PR$^{-}$HER2$^{-}$), infiltration of T cells has been associated with an improved prognosis \[[@ref004]\], a finding that was even more evident in patients receiving neoadjuvant chemotherapy \[[@ref005], [@ref006], [@ref007]\]. It has been postulated that this effect may be due to tumor cell death and expression of neoantigens that initiate tumoricidal immune responses \[[@ref008], [@ref009]\].

Table 1Correlations between CD3, T cell subtypes and breast cancer molecular subtypesBreast cancer molecular subtypesCD3$\gamma\delta$ T cellsTregIL-17$^{+}$ T cellsCD8Triple-negativeCorrelation coefficient0.181\*\*0.107\*0.216\*\*$-$0.125\*\*0.151\*\*$P$-value$<$ 0.0010.03$<$ 0.0010.0120.001$N$407412401404493Luminal ACorrelation coefficient$-$0.131\*\*$-$0.116\*$-$0.234\*\*0.021$-$0.05$P$-value0.0080.018$<$ 0.0010.6780.267$N$406411400403492Luminal BCorrelation coefficient0.0000.034.052$-$0.006$-$0.033$P$-value0.9960.4930.3030.9040.462$N$406411400403492HER2Correlation coefficient0.144\*\*0.137\*\*0.231\*\*$-$0.0230.033$P$-value (2-tailed)0.0040.005$<$ 0.0010.6500.466$N$406411400403492ER statusCorrelation coefficient$-$0.234\*\*$-$0.182\*\*$-$0.300\*\*0.096$-$0.119\*$P$-value$<$ 0.001$<$ 0.001$<$ 0.0010.0540.008$N$408413402405498Spearman's rho. 2-tailed $P$-value.

T cells can grossly be divided into cytotoxic T lymphocytes (CTLs; CD8$^{+}$), T helper cells (T$_{h}$ \[T$_{h1}$, T$_{h2}$, T$_{h9}$, T$_{FH}$, T$_{h17}$ and T$_{regs}$\]; CD4$^{+}$), $\gamma\delta$ T cells and NKT cells \[[@ref010]\]. Regulatory T cells (T$_{regs}$) are defined as CD4$^{+}$ CD25$^{+}$FoxP3$^{+}$ T cells, and T$_{h17}$ cells as CD4$^{+}$ROR$\gamma$t$^{+}$ T cells with high production of the pro-inflammatory cytokine; IL-17A \[[@ref010], [@ref011]\]. T$_{regs}$ are associated with immune suppression \[[@ref012]\] and infiltration of T$_{regs}$ in ER$^{+}$ breast cancers has been shown to correlate with a worse prognosis \[[@ref004], [@ref013]\], while studies regarding the prognostic effects of T$_{h17}$ infiltration in breast cancer are limited \[[@ref014], [@ref015], [@ref016]\]. When it comes to CTLs, infiltration of CD8$^{+}$ lymphocytes does not seem to have a prognostic impact in ER$^{+}$ breast cancer, but has been shown to correlate with an improved breast cancer specific survival (BCSS) in ER-negative tumors \[[@ref017]\]. $\gamma\delta$ T cells are unconventional T cells that express invariant, canonical TCR$\gamma$ and TCR$\delta$ chains. They are either CD4$^{-}$CD8$^{-}$ or express CD8$\alpha\alpha^{+}$ homodimers, and recognize antigen in an MHC/HLA independent manner \[[@ref018]\]. The fact that $\gamma\delta$ T cells often express CD8 puts previous studies concerning the prognostic value of CD8$^{+}$ CTLs in breast cancer in a different light. $\gamma\delta$ T cells are T cells with dual functions and can thus be both tumor promoting and suppressing \[[@ref019]\]. In breast cancer, $\gamma\delta$ T cell infiltration was reported to be associated with the HER2 subtype and poor prognosis in a small patient cohort \[[@ref020]\]. However, contrasting data have been shown in recent publications where elevated expression levels of genes associated with $\gamma\delta$ T cells had a positive impact on patient survival \[[@ref021], [@ref022]\].

Figure 1.IHC staining of T cell subpopulations in breast cancers and association to survival outcome. A) IHC stainings in breast cancer TMA showing CD3; brown staining, $\gamma\delta$ TCR; red membranous staining, FoxP3; brown staining and IL-17; brown staining. B) BCSS and RFS according to the infiltration of pan-T cell marker CD3, $\gamma\delta T$ cells, T$_{regs}$ and IL-17$^{+}$ T cells. Log-rank $P$ value $<$ 0.05 was considered significant.

There are many reports concerning the prognostic and predictive impact of infiltrating T cells on breast cancer survival, but often only CD3, CD8 or FoxP3-positive T cells have been evaluated \[[@ref023]\]. Furthermore, the T cell subpopulations $\gamma\delta$ T cells, T$_{h17}$ cells and T$_{regs}$ all have been reported to have dual and opposing effects in different tumor types, therefore making them important to study for each cancer type \[[@ref024], [@ref025]\]. Also, the presence of IL-17$$ T cells has lately been proposed thus complicating the T$_{h17}$ nomenclature \[[@ref026]\]. In this study, we therefore decided to evaluate the prognostic impact of infiltrating $\gamma\delta$ T cells, IL-17$^{+}$ T cells and FoxP3$^{+}$ T cells (T$_{regs}$), as compared to the conventional TIL markers CD8$\alpha^{+}$ and CD3$^{+}$ T cells, in tumors from a retrospective, consecutive cohort of 498 patients with primary breast cancer \[[@ref027]\]. Our findings highlight the prognostic effect of each T cell subpopulation in breast cancer and will be important for the future understanding and use of novel drugs like immune checkpoint inhibitors in this disease.

2.. Materials and methods {#S2}
=========================

2.1. Breast cancer patients {#S2.SS1}
---------------------------

The study cohort has been previously described \[[@ref027], [@ref028], [@ref029], [@ref030]\] and included 498 patients that were diagnosed with invasive breast cancer between 1 January 1988 and 31 December 1992 at the Department of Pathology, Skåne University Hospital, Malmö. Patient characteristics are provided in Supplementary Table [1](#T1){ref-type="table"}. Ethical approval for this study was obtained from the Ethics Committee at Lund University (Dnr 613/02). Informed consent was not required and patients were offered the option to opt out.

Table 2Crosstab$^{a}$ for CD8$\alpha^{+}$, FOXP3$^{+}$, IL-17$^{+}$ and $\gamma\delta$ TCR expression in breast cancer$\gamma\delta$ T cells01$P$-valueNumbers (all breast cancers)CD8$\alpha^{+}$ T cells 031  70 152257  0.003\*\*$^{,a}$FOXP3$^{+}$ T cells 062142 120169$<$ 0.001\*\*\*$^{,a}$IL-17$^{+}$ T cells 047173 1331430.520$^{a}$Numbers (HER2$^{+}$)CD8$\alpha^{+}$ T cells 02  1 1020$<$ 0.001\*\*\*$^{,a}$$^{a}$Pearson's $\chi^{2}$-test.

2.2. TMA, immunohistochemistry and staining assessment {#S2.SS2}
------------------------------------------------------

Tissue microarrays (TMA) were constructed as previously described \[[@ref027], [@ref028], [@ref029], [@ref030]\]. Analysis of ER, PR and HER2 status of the tumors in the TMA, was performed according to current Swedish guidelines. For antibodies and staining procedures see Supplementary Table [2](#T2){ref-type="table"}. Anti-TCR$\gamma$ specificity was evaluated using sorted peripheral blood $\gamma\delta$ T cells as positive control (Supplementary Fig. [1](#cbm-20-cbm170026-g001){ref-type="fig"}). CD3 and TCR$\gamma$ were manually annotated using a semiquantitative scoring system and denoted as 0 $=$ none, 1 $=$ low, 2 $=$ moderate and 3 $=$ high in each core. CD8 had been scored previously \[[@ref031]\]. The total number of IL-17 and FoxP3 positive cells with lymphocytic morphology was annotated in each core using automated image analysis (Halo image analysis software, Indica Labs, Corrales, NM, USA). The total number of positive cells was then manually categorized as 0 $=$ none, 1 $=$ low, 2 $=$ moderate and 3 $=$ high. The core with the highest number of positive cells within each case was used in the subsequent statistical analyses.

2.3. Statistical analysis {#S2.SS3}
-------------------------

Spearman's Rho test was applied using non-dicho- tomized CD3, TCR$\gamma$, FoxP3 and IL-17 scoring for associations between T cell populations and breast cancer subtypes. For all other analyses dichotomized variables were constructed; CD3 was dichotomized into low (0, 1) or high (2, 3), TCR$\gamma$ into absence (0) or presence (1, 2, 3), FoxP3 into low (0, 1) or high (2, 3) and IL-17 into low (0, 1) or high (2, 3). Pearson $\chi^{2}$-test was used for crosstabs. Kaplan-Meier analysis was used to evaluate the impact of different T cell populations on breast cancer specific survival (BCSS) and recurrence free survival (RFS). Log rank test was applied to analyze any significant differences in Kaplan-Meier survival plots. Cox regression proportional hazards analysis was used to obtain hazard ratios (HR) for BCSS and RFS according to CD8$\alpha$, CD3, TCR$\gamma$, FoxP3 and IL-17 density in both uni- and multivariable analysis, adjusted for dichotomized clinicopathological parameters (age, lymph node metastasis, tumor size, Nottingham histological grade \[NHG\], ER status, HER2 status, triple negative, luminal A and luminal B), and Ki67. All P values were two-tailed. P value $\leqslant$ 0.05 was considered significant. All calculations and statistical analyses were performed with IBM SPSS Statistics version 23.0 (SPSS Inc).

3.. Results {#S3}
===========

3.1. Infiltration of alternative T cell subpopulations and associations to molecular subtypes of primary breast cancer {#S3.SS1}
----------------------------------------------------------------------------------------------------------------------

Representative staining patterns of the analyzed T cell-subpopulations and correlations between different T cell populations and breast cancer subtypes are shown in Fig. [1](#cbm-20-cbm170026-g001){ref-type="fig"}a and Supplementary Fig. [1](#cbm-20-cbm170026-g001){ref-type="fig"}.

As shown in Table [1](#T1){ref-type="table"}, infiltration of CD8$\alpha$ positive cells correlated positively with TNBC and inversely with ER-positive breast cancers. Infiltration of both CD3 and $\gamma\delta$ T cells was associated with TNBC and HER2$^{+}$ breast cancers, but inversely associated with both the luminal A subtype as well as with ER-positive breast cancers. T$_{reg}$ infiltration was associated with the TNBC and HER2$^{+}$ breast cancers, but inversely associated with both the luminal A subtype and ER-positive breast cancers. IL-17$^{+}$ T cell infiltration was inversely associated with the TNBC subtype. It is known that $\gamma\delta$ T cells can express CD8$\alpha\alpha$ homodimers \[[@ref018]\], but also IL-17A and the transcription factor FoxP3 \[[@ref019]\]. As shown in Table [2](#T2){ref-type="table"}, there was a significant correlation between CD8$\alpha$ and $\gamma\delta$ TCR ($p =$ 0.003), as well as for FoxP3 and $\gamma\delta$ TCR ($p \leqslant$ 0.001), but not with IL-17 expression and $\gamma\delta$ TCR (Table [2](#T2){ref-type="table"}).

Table 3Univariable Cox regression analysis for BCSS and RFSBCSSRFSHR (CI 95%)$P$-value$N$HR (CI 95%)$P$-value$N$Univariable Cox regression analysis with no stratificationCD8 01.001221.00120 10.78 (0.49--1.24)0.293680.82 (0.56--1.19)0.29362CD3 01.00  991.00  96 10.56 (0.35--0.89)0.015\*3060.50 (0.35--0.72)$<$ 0.001\*\*\*304$\gamma\delta$ T cells 01.00  851.00  84 10.53 (0.33--0.86)0.01\*\*3250.56 (0.38--0.81)0.002\*\*321Treg 01.002101.00206 11.67 (1.08--2.60)0.022\*1891.30 (0.92--1.83)0.134188IL-17$^{+}$ T cells 01.002261.00224 10.90 (0.58--1.40)0.6431761.02 (0.72--1.44)0.935173Univariable Cox regression analysis stratified for treated patientsCD8 01.00  381.00  37 10.47 (0.25--0.88)0.019\*1200.58 (0.34--0.99)0.044\*120CD3 01.00  391.00  39 10.72 (0.37--1.39)0.3241060.59 (0.35--0.99)0.046\*105$\gamma\delta$ T cells 01.00  341.00  34 10.53 (0.28--1.01)0.0541150.59 (0.35--1.02)0.058114Treg 01.00741.0073 11.22 (0.66--2.27)0.528681.20 (0.73--1.98)0.46968IL-17$^{+}$ T cells 01.00891.0088 10.98 (0.52--1.85)0.952560.96 (0.57--1.62)0.88656Univariable Cox regression analysis stratified for untreated patientsCD8 01.00  561.00  55 10.84 (0.35--2.01)0.691610.71 (0.39--1.31)0.28160CD3 01.00  381.00  37 10.35 (0.14--0.87)0.023\*1300.36 (0.20--0.68)0.002\*\*130$\gamma\delta$ T cells 01.00  321.00  31 10.50 (0.20--1.30)0.1571370.46 (0.24--0.89)0.021\*137Treg 01.00841.0083 12.59 (1.00--6.67)0.050\*811.23 (0.67--2.24)0.50281IL-17$^{+}$ T cells 01.00861.0086 11.02 (0.43--2.37)0.988801.23 (0.67--2.26)0.50179Abbreviations: BCSS. breast cancer specific survival; RFS. recurrence free survival; HR. hazard ration.

Table 4Multivariable Cox regression analysis for BCSS and RFS with no stratificationBCSSRFSHR (CI 95%)$P$-value$N$HR (CI 95%)$P$-value$N$Age (yrs) $<$ 501.00  521.00  52 $\geqslant$ 500.44 (0.22--0.87)0.019\*2630.65 (0.38--1.13)0.124261Lymph node status Negative1.001821.00181 Positive6.53 (3.43--12.41)$<$ 0.001\*\*\*1332.58 (1.69--3.95)$<$ 0.001\*\*\*132Ki67 grade 0--101.001201.00120 11--$\geqslant$ 252.27 (1.08--4.76)0.031\*1951.46 (0.89--2.39)0.131193Size (mm) $<$ 201.001861.00186 $\geqslant$ 202.13 (1.22--3.73)0.008\*\*1291.55 (1.02--2.36)0.039\*127NHG I and II1.002081.00208 III2.59 (1.34--5.02)0.005\*\*1072.46 (1.51--4.00)$<$ 0.001\*\*\*105HER2 Negative1.002991.00297 Positive0.79 (0.21--2.96)0.722  161.26 (0.44--3.66)0.666  16Triple negative Negative1.002911.00289 Positive6.06 (1.32--27.70)0.02\*  2413.36 (2.78--64.31)0.001\*\*\*  24ER status Negative1.00  451.00  44 Positive3.20 (0.70--14.73)0.1362706.40 (1.30--31.48)0.022\*269Luminal A Negative1.001521.00151 Positive0.34 (0.18--0.64)0.001\*\*\*1630.91 (0.57--1.46)0.69162Luminal B Negative1.002861.00284 Positive0.63 (0.26--1.55)0.315  291.09 (0.54--2.20)0.814  29CD8 01.00  811.00  80 10.44 (0.24--0.82)0.009\*\*2340.57 (0.36--0.92)0.022\*233CD3 01.00  741.00  72 10.49 (0.25--0.98)0.043\*2410.42 (0.25--0.71)0.001\*\*\*241$\gamma\delta$ T cells 01.00  601.00  59 10.68 (0.35--1.32)0.2522550.92 (0.55--1.54)0.748254Treg 01.001561.00154 11.62 (0.88--2.98)0.1211591.38 (0.88--2.16)0.159159IL-17$^{+}$ T cells 01.001721.00171 11.31 (0.74--2.32)0.3521431.41 (0.92--2.16)0.115142Abbreviations: BCSS. breast cancer specific survival; RFS. recurrence free survival; HR. hazard ration; NHG. Nottingham histologic grade.

3.2. Prognostic significance of alternative T cell subpopulations in the entire cohort {#S3.SS2}
--------------------------------------------------------------------------------------

We next investigated the prognostic impact of individual T cell subsets (CD3, CD8$\alpha^{+}$, $\gamma\delta$ T cells, T$_{regs}$ and IL-17$^{+}$ T cells) on BCSS and RFS in the entire cohort. Kaplan-Meier analysis revealed that tumor infiltration of any kind of T cells (CD3) correlated with a significantly improved BCSS and RFS (Fig. [1](#cbm-20-cbm170026-g001){ref-type="fig"}B). There was no significant association between CD8$\alpha^{+}$ lymphocyte infiltration and BCSS or RFS. $\gamma\delta$ T cell infiltration was associated with a significantly prolonged BCSS and RFS. In contrast, T$_{regs}$ were associated with poor BCSS, while IL-17$^{+}$ T cells did not have any prognostic impact (Fig. [1](#cbm-20-cbm170026-g001){ref-type="fig"}B).

Univariable Cox regression analysis showed that presence of T cells (CD3), had an overall significant positive impact on BCSS (HR $=$ 0.56; 95% CI $=$ 0.35--0.89; $p =$ 0.015) and RFS (HR $=$ 0.50; 95% CI $=$ 0.35--0.72; $p \leqslant$ 0.001). This was also true for $\gamma\delta$ T cells (BCSS \[HR $=$ 0.53; 95% CI $=$ 0.33--0.86; $p =$ 0.01\] and RFS \[HR $=$ 0.56; 95% CI $=$ 0.38--0.81; $p =$ 0.002\]), but not for CD8$\alpha$. In contrast, tumor infiltration of T$_{regs}$ was associated with a decreased BCSS (HR $=$ 1.67; 95% CI $=$ 1.08--2.60; $p =$ 0.022). IL-17$^{+}$ T cell infiltration showed no significant impact on BCSS or RFS (Table [3](#T3){ref-type="table"}).

When adjusted for clinicopathological parameters in multivariable Cox regression analysis, CD8$\alpha^{+}$ T cells were independently associated with an improved BCSS (HR $=$ 0.44 95% CI $=$ 0.24--0.82; $p =$ 0.009) and RFS (HR $=$ 0.57; 95% CI $=$ 0.36--0.92; $p =$ 0.022), while CD3$^{+}$ lymphocytes were independently associated with an improved BCSS (HR $=$ 0.49 95% CI $=$ 0.25--0.98; $P =$ 0.043) and RFS (HR $=$ 0.42; 95% CI $=$ 0.25--0.71; $p =$ 0.001; Table [4](#T4){ref-type="table"}).

Figure 2.Kaplan-Meier estimates of breast cancer specific survival according to different infiltrating T cell subpopulations in breast cancer. Impact of pan-T cell CD3, $\gamma\delta$ T cells, T$_{regs}$ and IL-17$^{+}$ T cells on BCSS in different breast cancer subtypes. Log-rank P value $<$ 0.05 was considered significant.

Figure 3.Kaplan-Meier estimates of recurrence free survival according to different infiltrating T cell subpopulations in breast cancer. Impact of pan-T cell CD3, $\gamma\delta$ T cells, T$_{regs}$ and IL-17$^{+}$ T cells on RFS in different breast cancer subtypes. Log-rank $P$value $<$ 0.05 was considered significant.

Figure 4.Kaplan-Meier estimates on survival according to different infiltrating T-cell populations in patients receiving and not receiving adjuvant endocrine therapy. Impact of pan-T cell CD3, $\gamma\delta$ T cells, T$_{regs}$ and IL-17$^{+}$ T cells on both BCSS and RFS in breast cancer patients receiving and not receiving adjuvant endocrine therapy. The study cohort was conceived before clinical use of ER-testing, hence both groups includes both ER-positive and ER-negative patients. Log-rank $P$ value $<$ 0.05 was considered significant.

3.3. Prognostic value of alternative T cell subpopulations according to breast cancer subtype {#S3.SS3}
---------------------------------------------------------------------------------------------

Kaplan-Meier analyses were also performed in strata according to different subtypes of breast cancer. This revealed that tumor infiltration of T cells overall (CD3) was associated with an improved prognosis specifically in Luminal A and ER-positive breast cancers (BCSS and RFS; Figs [2](#cbm-20-cbm170026-g002){ref-type="fig"} and [3](#cbm-20-cbm170026-g003){ref-type="fig"}). CD8$\alpha^{+}$ and $\gamma\delta$ T cell lymphocyte infiltration was associated with a prolonged BCSS only in the HER2$^{+}$ breast cancers (Fig. [2](#cbm-20-cbm170026-g002){ref-type="fig"}), and interestingly, 20 out of 23 HER2$^{+}$ cases scored positive for both CD8$\alpha^{+}$ and $\gamma\delta$ T cell infiltration ($p \leqslant$ 0.001; Table [2](#T2){ref-type="table"}). Importantly, $\gamma\delta$ T cell infiltration was associated with an improved RFS in Luminal A, Luminal B, HER2 and ER-positive breast cancers (Fig. [3](#cbm-20-cbm170026-g003){ref-type="fig"}). Tumor infiltration of T$_{regs}$ was associated with a poor BCSS only in ER-positive breast cancers (Fig. [2](#cbm-20-cbm170026-g002){ref-type="fig"}). In contrast, infiltration of IL-17$^{+}$ T cells was associated with a poor RFS in TNBCs (Fig. [3](#cbm-20-cbm170026-g003){ref-type="fig"}).

3.4. Prognostic impact of T cell infiltration in relation to endocrine therapy {#S3.SS4}
------------------------------------------------------------------------------

Next, we evaluated whether tumor infiltration of different T cell populations had any impact on prognosis in relation to endocrine therapy. The study cohort was conceived before clinical use of ER-testing, hence both groups include both ER-positive and ER-negative patients \[[@ref027]\]. Kaplan-Meier analysis in strata according to treatment revealed that tumor infiltration of CD8$\alpha^{+}$ T cells only had a positive impact on BCSS and RFS in the treated group (Fig. [2](#cbm-20-cbm170026-g002){ref-type="fig"}B). CD3, however, was significantly associated with a prolonged RFS in the treated group, and with a prolonged BCSS and RFS in the untreated group (Fig. [4](#cbm-20-cbm170026-g004){ref-type="fig"}). Infiltration of $\gamma\delta$ T cells was significantly associated with an improved BCSS in patients receiving adjuvant treatment, and with a significantly improved RFS, but not BCSS, in the untreated group (Fig. [4](#cbm-20-cbm170026-g004){ref-type="fig"}). Infiltration of T$_{regs}$ in tumors of untreated patients was significantly associated with a poor outcome on BCSS, while IL-17$^{+}$ T cells showed no impact on BCSS or RFS in either group (Fig. [4](#cbm-20-cbm170026-g004){ref-type="fig"}).

Univariable Cox regression analysis of the endocrine therapy treated group revealed that CD8$\alpha^{+}$ T cell infiltration was associated with an improved BCSS (HR $=$ 0.47; 95% CI $=$ 0.25--0.88; $p =$ 0.019) and RFS (HR $=$ 0.58; 95% CI $=$ 0.34--0.99; $p =$ 0.044). In the endocrine therapy untreated group, CD3 was associated with improved BCSS (HR $=$ 0.35; 95% CI $=$ 0.14--0.87; $p =$ 0.023) and RFS (HR $=$ 0.36; 95% CI $=$ 0.20--0.68; $p =$ 0.002), while in the endocrine therapy treated patient group, CD3 was associated only with a prolonged RFS (HR $=$ 0.59; 95% CI $=$ 0.35--0.99; $p =$ 0.046; Table [3](#T3){ref-type="table"}). Presence of tumor infiltrating $\gamma\delta$ T cells was significantly associated with an improved RFS in the untreated group only (HR $=$ 0.46; 95% CI $=$ 0.24--0.89; $p =$ 0.021) while T$_{regs}$ were significantly associated with an impaired BCSS (HR $=$ 2.59; 95% CI $=$ 1.00--6.67; $p =$ 0.050; Table [3](#T3){ref-type="table"}).

Table 5Multivariable Cox regression analysis for BCSS and RFS stratified for treated patientsBCSSRFSHR (CI 95%)$P$-value$N$HR (CI 95%)$P$-value$N$Age (yrs) $<$ 501.00    61.00    6 $\geqslant$ 500.33 (0.07--1.64)0.1761050.19 (0.06--0.58)0.004\*\*105Lymph node status Negative1.00261.0026 Positive27.39 (4.93--152.07)$<$ 0.001\*\*\*857.22 (2.39--21.82)$<$ 0.001\*\*\*85Ki67 grade 0--101.00401.0040 11--$\geqslant$ 252.36 (0.71--7.85)0.162711.29 (0.58--2.89)0.53671Size (mm) $<$ 201.00471.0047 $\geqslant$ 202.64 (1.07--6.51)0.035\*642.32 (1.18--4.55)0.014\*64NHG I and II1.00621.0062 III1.76 (0.56--5.52)0.333491.82 (0.82--4.03)0.14249HER2 Negative1.001061.00106 Positive0.99 (0.13--7.91)0.99550.69 (0.09--5.07)0.7155Triple negative Negative1.001021.00102 Positive12.21 (0.82--182.39)0.07915.78 (1.11--224.73)0.042\*9ER status Negative1.00151.0015 Positive3.78 (0.21--67.21)0.365966.39 (0.37--108.91)0.296Luminal A Negative1.00641.0064 Positive0.24 (0.09--0.66)0.006\*\*470.66 (0.32--1.37)0.26547Luminal B Negative1.001011.00101 Positive0.34 (0.07--1.70)0.189101.09 (0.37--3.22)0.88210CD8 01.00271.0027 10.21 (0.09--0.52)0.001\*\*\*840.41 (0.20--0.84)0.014\*84CD3 01.00301.0030 10.73 (0.26--2.06)0.55810.66 (0.32--1.36)0.26281$\gamma\delta$ T cells 01.00211.0021 10.32 (0.12--0.82)0.018\*900.68 (0.31--1.50)0.34290Treg 01.00551.0055 11.09 (0.39--3.06)0.865561.71 (0.83--3.55)0.14856IL-17$^{+}$ T cells 01.00641.0064 11.57 (0.66--3.71)0.309471.53 (0.79--2.96)0.2147Abbreviations: BCSS. breast cancer specific survival; RFS. recurrence free survival; HR. hazard ration; NHG. Nottingham histologic grade.

Table 6Multivariable Cox regression analysis for BCSS and RFS stratified for untreated patientsBCSSRFSHR (CI 95%)$P$-value$N$HR (CI 95%)$P$-value$N$Age (yrs) $<$ 501.00371.0037 $\geqslant$ 500.47 (0.12--1.89)0.2881051.15 (0.47--2.81)0.767104Lymph node status Negative1.001231.00123 Positive16.11 (3.95--65.65)$<$ 0.001\*\*\*192.95 (1.24--7.02)0.014\*18Ki67 grade 0--1021.00621.0062 11--$\geqslant$ 256.20 (2.33--295.19)0.008\*\*801.92 (0.82--4.47)0.13179Size (mm) $<$ 201.001161.00116 $\geqslant$ 2013.97 (3.99--65.23)0.001\*\*\*262.52 (0.97--6.51)0.05725NHG I and II1.001081.00108 III5.22 (1.20--22.81)0.028\*343.82 (1.66--8.81)0.002\*\*33HER2 Negative1.001331.00132 Positive0.44 (0.04--4.98)0.51192.55 (0.60--10.81)0.2039Triple negative Negative1.001311.00130 Positive10.20 (0.76--137.56)0.081116.33 (1.58--169.16)0.019\*11ER status Negative1.00231.0022 Positive7.87 (0.66- 93.92)0.1031198.02 (0.79--81.24)0.078119Luminal A Negative1.00601.0059 Positive0.11 (0.02--0.57)0.009\*\*821.78 (0.66--4.82)0.25682Luminal B Negative1.001311.00130 Positive0.28 (0.03--2.51)0.255113.14 (0.73--13.50)0.12411CD8 01.00401.0039 10.36 (0.06--2.03)0.2441020.67 (0.31--1.44)0.303102CD3 01.00321.0031 10.03 (0.00--0.24)0.001\*\*\*1100.21 (0.07--0.64)0.006\*\*110$\gamma\delta$ T cells 01.00281.0027 12.64 (0.33--20.96)0.3581141.30 (0.43--3.92)0.644114Treg 01.00681.0067 117.31 (2.45--122.16)0.004\*\*741.50 (0.68--3.31)0.31774IL-17$^{+}$ T cells 01.00741.0074 12.12 (0.54--8.28)0.279681.65 (0.77--3.52)0.19567Abbreviations: BCSS. breast cancer specific survival; RFS. recurrence free survival; HR. hazard ration; NHG. Nottingham histologic grade.

In endocrine therapy treated patients, CD8$\alpha^{+}$T cells remained an independent prognostic factor for a prolonged BCSS and RFS in multivariable Cox regression analysis (HR $=$ 0.21; 95% CI $=$ 0.09--0.52; $p =$ 0.001 and HR $=$ 0.41; 95% CI $=$ 0.20--0.84; $p =$ 0.014, respectively; Table [5](#T5){ref-type="table"}). Infiltration of $\gamma\delta$ T cells was independently associated with an improved BCSS (HR $=$ 0.32; 95% CI $=$ 0.12--0.82; $p =$ 0.018; Table [5](#T5){ref-type="table"}) only in endocrine therapy treated patients. In endocrine therapy untreated patients, however, CD3 was an independent factor of a prolonged BCSS (HR $=$ 0.03; 95% CI $=$ 0.00--0.24; $p =$ 0.001) and RFS (HR $=$ 0.21; 95% CI $=$ 0.07--0.64; $p =$ 0.006), whereas presence tumor infiltrating T$_{regs}$ was revealed to be an independent factor of an impaired BCSS (HR $=$ 17.31; 95% CI $=$ 2.45--122.16; $p =$ 0.004; Table [6](#T6){ref-type="table"}).

4.. Discussion {#S4}
==============

In this study, we investigated the prognostic value of infiltrating $\gamma\delta$ T cells, T$_{regs}$ and IL-17$^{+}$ T cells, as compared to the common TIL markers CD3 and CD8$\alpha$, in invasive breast cancer. The analyses were also performed in relation to adjuvant endocrine therapy.

We show that infiltration of T cells (CD3) had a positive effect on prognostic outcome in breast cancer, which supports previous studies evaluating TILs as a prognostic parameter. However, since CD3 is a pan-T cell marker, further investigation was needed to identify specific T cell subtypes that may play a role in breast cancer progression and as potential responders to immune-therapies.

The only T cell subpopulation with results similar to that of CD3, turned out to be $\gamma\delta$ T cells that were associated with an improved survival in general. When stratified according to breast cancer subtype, infiltration of $\gamma\delta$ T cells was the only T cell population that correlated with a positive outcome in all subtypes (luminal A, luminal B, HER2-positive and ER-positive breast cancers), except TNBCs. It is likely that the TNBC environment not only recruits more $\gamma\delta$ T cells, but also has a negative effect on $\gamma\delta$ T cell activity. This is a controversy that would merit further investigation at the functional level in the future.

In multivariable Cox regression analyses however, both CD3 and CD8$\alpha^{+}$ T cell infiltration remained independent factors of a prolonged BCSS as well as RFS. Interestingly, in contrast to general T cell infiltration (CD3), both infiltrating CD8$\alpha^{+}$ and $\gamma\delta$ T cells were revealed to be independent prognostic factors in patients receiving endocrine treatment. The fact that several immune cells can express CD8$\alpha$, including $\gamma\delta$ T cells, makes it difficult to evaluate whether it is conventional CTLs that has the major effect on prognosis in our investigation \[[@ref032], [@ref033], [@ref034], [@ref035]\]. Some studies have proposed that $\gamma\delta$ T cells can acquire both pro- or anti-tumor properties depending on the tumor microenvironment \[[@ref025]\]. Furthermore, the regulation of $\gamma\delta$ T cells by inhibitory co-receptors is slightly different as compared to conventional $\alpha\beta$ T cells \[[@ref036], [@ref037]\]. Indeed, the majority of tumors that scored positive for $\gamma\delta$ T cell infiltration in our cohort also scored positive for CD8$\alpha^{+}$ T cells and these may therefore be $\gamma\delta$ T cells, rather than conventional TCR $\alpha\beta^{+}$ CTLs. This was especially clear in the HER2 group, however, due to the small size of this patient group no conclusions should be drawn. In line with our findings, it has already been shown that $\gamma\delta$ T cell gene expression signatures were associated with a favorable prognosis across multiple malignancies, also in breast cancer \[[@ref021], [@ref022]\].

In the herein studied cohort, infiltration of T$_{regs}$ was associated with a worse prognosis, but not in multivariable Cox regression analyses. When stratified according to breast cancer subtypes it was revealed that infiltration of T$_{regs}$ was associated with worse prognosis primarily in ER-positive breast cancers, indicating that T$_{regs}$ could serve as a potential therapeutic target in ER-positive breast cancers specifically. Also, a significant association between presence of FoxP3$^{+}$ and $\gamma\delta$ T cells was found. However, the fact that the prognostic impact of infiltrating $\gamma\delta$ T cells and T$_{regs}$ was contradictory suggests that these are not regulatory FoxP3$$ T cells \[[@ref038]\].

We show that infiltration of IL-17$^{+}$ T cells in general has no prognostic impact. However, when stratified according to breast cancer subtype it was revealed that infiltration of IL-17$^{+}$ T cells was associated with a worse prognosis in TNBC, specifically. TNBCs often produce inflammatory mediators and it is likely that T$_{h17}$ cells are either attracted to or even play a role in regulating the TNBC microenvironment \[[@ref039]\]. Studies on the clinical relevance of T$_{h17}$ infiltration in breast tumors has been performed previously, but on small patient cohorts and with opposing results \[[@ref014], [@ref015], [@ref016], [@ref040]\]. Nonetheless, these studies point out the complex nature of T$_{h17}$ cell behavior in a tumor context. Tumor infiltrating T$_{h17}$ cells have been associated with both tumor promoting and inhibiting properties \[[@ref039]\]. Indeed, reports investigating the plasticity of T$_{h17}$ in breast cancer have shown that T$_{h17}$ even might be immunosuppressive \[[@ref016], [@ref041]\]. Lately, the presence of IL-17$^{+}$$\gamma\delta$ T cells that promotes myeloid cell accumulation and polarization has been reported as an important mechanism in breast cancer progression and metastasis in mice \[[@ref026]\] and supporting evidence was recently shown also for human colorectal cancers \[[@ref042]\]. The strength of our study lies in the size of the breast cancer cohort, but also that IL-17$^{+}$ T cell and $\gamma\delta$ T cell infiltration was analyzed in parallel. We found no correlation between presence of IL-17$^{+}$ cells and $\gamma\delta$ T cells in this study.

5.. Conclusions {#S5}
===============

In conclusion, our results demonstrate that in breast cancer, infiltration of T cells (CD3) and $\gamma\delta$ T cells are associated with good clinical outcome, while T$_{regs}$ are associated with worse clinical outcome. Infiltration of $\gamma\delta$ T cells was associated with a significantly improved prognosis in all breast cancer subtypes except TNBC. However, when adjusted for clinicopathological parameters, only CD8$\alpha$ T cells and CD3 infiltration proved to be independently associated with clinical outcome. Furthermore, except for CD3, infiltration of $\gamma\delta$ T cells was the only marker that correlated with an improved clinical outcome in both endocrine treated and untreated patients. When adjusted for clinicopathological parameters, both CD8$\alpha$ T cells and $\gamma\delta$ T cell infiltration was independently associated with an improved prognosis for patients receiving adjuvant endocrine therapy, while CD3 and T$_{reg}$ infiltration was associated with clinical outcome in untreated patients. Finally our findings indicate that in breast tumors, the infiltrating CD8$\alpha^{+}$ T cells may indeed be $\gamma\delta$ T cells, which merit further investigation concerning regulation and checkpoint inhibitors. This study renders new light on previously unexplored aspects of tumor infiltrating lymphocytes, and highlights potential prognostic aspects of $\gamma\delta$ T cells, IL-17$^{+}$ T cells and T$_{regs}$ in breast cancer, with particular reference to molecular subtypes and endocrine adjuvant treatment.
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